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Recently, new wide band-gap semiconductor material zinc oxide (ZnO), which is 
a promising material for ultraviolet (UV) light emitting diodes (LEDs) and laser 
devices, has been extensively studied after gallium nitride (GaN).The high- 
performance devices depend on the quality of ZnO thin film. Therefore, the growth of 
high-quality ZnO film is of great significance. 
To improve the crystal quality of epitaxial ZnO thin film on sapphire, in the 
growth by molecular beam epitaxy (MBE), the buffer structure of single-layer MgO 
or ZnO, and multilayer are employed in addition to optimizing the substrate 
temperature and other growth conditions. The morphological analysis of the MgO 
buffer layer grown on sapphire revealed that the surface of low-temperature grown 
MgO buffer layer was featured in hexagonal structure. The investigation of the 
relationship between the MgO buffer layer thickness and the quality of ZnO thin films 
showed that a thinner MgO buffer layer was more conducive to improve the quality of 
the ZnO thin films. The comparison of influence of the homogenours buffer layer with 
that of heterostructure buffer layer on the quality of ZnO thin films indicated that the 
samples with MgO buffer layer had smaller XRD FWHM and near band edge 
emission FWHM. Furthermore, the adoption of variable temperature buffer layer 
enhanced the light emission intensity. Both factors were considered in  further 
optimization of multiple buffer layer on ZnO thin films. Experiments showed that the 
structure and optical properties of ZnO thin films was greatly improved by optimizing 
the multilayer, or a better crystal quality of ZnO thin film was achieved through a 
higher substrate temperature. However, the growth of ZnO samples with low 
temperature buffer layer or a simple structure often introduces bigger stress. In 
addition, a phenomenon of first red-shift then blue-shift was observed in the PL 
measurement. This may be associated with the Burstein-Moss shift and thermal 
effects. A greater stress will result in a greater blue shift. These suggest that the 
















Different thickness of ZnO films were grown on n-type GaN substrates and 
measured by RHEED, AFM, XRD, PL and so on. When the thickness of ZnO thin 
films on GaN substrate was 0.3nm, 0.9nm and 4nm, then atomic steps were formed on 
the surface, indicating the coherent growth on the GaN substrate. As thickness grows 
to the 20nm, the surface roughened and the growth transformed into 
three-dimensional style, which was similar to the buffer layer growth. RHEED 
patterns of ZnO thin films of 120nm were sharp and bright, indicating the surface was 
smooth and well arranged. ZnO film with the thickness of 240nm had a rough surface, 
and many small particles were distributed on the surface. All samples were c-axis 
preferred orientation film. We found that lattice constant of ZnO film with the 
thickness of 120nm increased, the 240nm one decreased, smaller than that of the bulk 
material. This was also related to the compressive stress and tensile stress between the 
film and the substrate. We carried out the PL measurement to observe the changes in 
optical properties. PL of ZnO film with the thickness of 120nm had a UV emission 
peak related to bound exciton. On the other hand, PL of ZnO film with the thickness 
of 240nm had not only UV emission peak but also a defect related peak around 
650nm. XPS results shown that Ga2O3 easily formed in the interface between GaN 
substrate and ZnO films, and with the growth of the thickness, O atoms were easily 
adsorbed on the surface of the film, then formed O-rich state on the surface, and Zn 
atoms and O atoms bonded in accordance with the stoichiometry. The morphology 
and optical properties of ZnO film with the thickness of 120nm grown on GaN 
substrate had a relatively large increase, which may be attributed to the initial growth 
of thin films equivalent to the buffer layer growth, making the film properties further 
raised. 
Different thickness of ZnO buffer layer (2nm, 10nm, 20nm) were grown on GaN 
substrates, and then overgrown N-doped ZnO thin films with the thickness of 240nm, 
denoted as GaN/ZnO(2nm)/ZnO: N, GaN/ZnO(10nm)/ZnO: N and GaN/ZnO(20nm)/ 
ZnO: N. Through the measurements of RHEED, AFM, XRD and PL, we found that N 
atoms tended to be a gap digit along with the growth process of GaN/ZnO(10nm)/ 















then the lattice constant changes most and optical properties fell. The surface of 
GaN/ZnO(2nm)/ZnO: N is smoother than that of GaN/ZnO(20nm)/ZnO: N, but the 
lattice constant became larger and the optical quality slightly worse than the latter. 
GaN/ZnO(20nm)/ZnO: N had a rough surface, but got a preferable crystal quality and 
optical properties. N concentration measurement and the measurement of electrical 
properties will do in the future work. 
In order to improve the properties of the ZnO thin films, we introduce nitridation, 
Zn-N admixture and Mg-N admixture for 10 seconds in the middle of the two layers 
of ZnO thin film growth, and the results in the morphology and optical quality had 
been further improved. RHEED patterns of GaN/ZnO/N2/ZnO and GaN/ZnO/Mg-N2 
/ZnO is sharp, and they all had flat surfaces and good crystalline quality, though 
optical qualities were not so ideal. RHEED diffraction and AFM scans of GaN/ZnO/ 
Zn-N2 /ZnO indicated its surface was very rough, and the lattice constant “a” and “c” 
became larger. However the room temperature PL spectra shown that the optical 
quality was greatly improved. To further enhance the optical quality, we had 
introduced the multi-layer N treatments. GaN/ZnO/3×[N2/ZnO(40nm)] had rough 
surface with the increasing of N introduction and the optical quality was improved. 
While the surface of GaN/ZnO/2×[N2/ZnO(60nm)] got rougher and the lattice 
constant was largest, the largest increase of the optical properties of this sample. This 
may be related to the solid concentration of N and the formation of the energy levels 
of depth. The further study of specific mechanism of light-emitting is needed. 
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1.4 ZnO 的掺杂性质 
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